Osteomyelitis of the skull base almost always occurs in elderly patients with diabetes; however, it may occur in patients with compromised immune function regardless of their age. We present the cases of a pair of immunocompetent, 2-year-old identical twins who experienced osteomyelitis of the temporal bone almost exactly 1 year apart. An incident such as this, in this age group, has never been reported in the literature.
Introduction
Osteomyelitis (OM) can be defi ned as an infl ammatory condition of the bone that begins as an infection of the medullary cavity, rapidly involves the Haversian systems, and extends to involve the periosteum of the aff ected area. Infection occurs as a result of bacteremia, an inoculation during aseptic or bone surgery, or a contiguous infectious focus. Conditions altering the vascularity of the bone-such as radiation, malignancy, osteoporosis, osteopetrosis, and Paget disease-predispose one to OM. Other predisposing factors include immunocompromise and trauma. Systemic diseases that cause concomitant alteration in host defenses, such as diabetes, anemia, and malnutrition, profoundly infl uence the course of OM. OM most commonly occurs in the long bones of the body and in the vertebrae. When it occurs in the head and neck, the sites reported to be involved are the mandible, frontal bone, cervical spine, maxilla, nasal bone, and skull base (including, specifi cally, the temporal bone). 1 Th e terminology describing OM in the temporal bone is not clearly defi ned. Various terms are used, such as skull base osteomyelitis, malignant external otitis, and osteomyelitis of the mastoid and middle ear cleft . Here we report the unusual cases of twin sisters presenting with OM of the temporal bone secondary to otitis media slightly more than 1 year apart.
Th is case report has been approved by the Institutional Review Board at Kasturba Medical College, Mangalore, India.
Case reports
Two immunocompetent, 2-year-old identical twin sisters presented to us almost exactly 1 year apart with ear complaints, which were radiologically, intraoperatively, and histologically diagnosed to be the result of OM of the temporal bone secondary to chronic suppurative otitis media. Patient 1. A 2-year-old girl presented to us in May 2005 with ear discharge and a swelling behind her right ear of 2 months' duration following a common cold. Th e discharge was profuse, purulent, and foul smelling. Th e swelling behind the ear was gradually progressive and was associated with pain and fever. A local practitioner had treated the child with antibiotics and ear drops before she came to our hospital.
On physical examination, we found right mastoid swelling, tenderness of the mastoid and the tragus, posterosuperior wall sagging, and profuse and foulsmelling discharge. Th e tympanic membrane in the right ear showed a large central perforation involving all quadrants. Complete blood chemistry showed anemia, with a hemoglobin level of 7.2 g/dl and leukocytosis (predominantly lymphocytosis). Th e patient's retroviral status was negative. Pus from her middle ear showed Streptococcus pneumoniae, Bacteroides spp, and Haemophilus infl uenzae on Gram staining, and Escherichia coli on culture. Th e specimen was sensitive to chloramphenicol, and the child was started on the oral suspension of the same. regular follow-up, the patient has been found to have a healthy and completely epithelialized mastoid cavity. Patient 2. In June 2006, patient 1's twin sister came to us at the age of 3 years aft er being treated for about 1 month in a hospital in the Sultanate of Oman for fever, vomiting, and loose stools. At that time she had a 2-month history of left ear discharge followed by swelling behind the left ear and pain lasting for 1 month. Th is was followed by left facial nerve paralysis (fi gure 2). Th e doctors in Oman had diagnosed the patient with pseudomonal sepsis and bilateral upper lung-lobe collapse; these were treated successfully. Th ey also identifi ed an ulcer in the right lower lip that cultured positive for Pseudomonas; this also subsided during the course of treatment. Th e patient then was voluntarilyy discharged from the hospital to come to our center for further treatment.
On examination, we found the child to have left -sided facial paralysis, left mastoid swelling and tenderness, posterosuperior wall sagging, and profuse and foulsmelling discharge. Th e tympanic membrane on the left showed a large central perforation involving all quadrants. Pediatric consultation was obtained. Pus from the middle ear was sent for culture and sensitivity. It showed gram-negative bacilli and grew Pseudomonas on culture, which was sensitive to amikacin and ceft azi-Computed tomography (CT) showed features suggestive of otitis externa and otitis media with cholesteatoma involving the middle ear and mastoid air cells. CT also revealed a large, infl ammatory postauricular soft -tissue lesion with erosion of the mastoid cortex, a bony external auditory canal, and bony spicules in the middle ear that were suggestive of OM (fi gure 1).
A mastoid exploration was done under general anesthesia. On mastoidectomy, a bony sequestrum was found in the mastoid bone. Granulation tissue was fi lling the middle ear, antrum, and external auditory canal. Th e malleus and incus were destroyed. A canalwall-down procedure was carried out, followed by a wide meatoplasty.
Th e histopathology examination report revealed necrotic bone, wherein the bony trabeculae with marrow spaces were infi ltrated by acute and chronic infl ammatory cell infi ltrate suggestive of OM. Stratifi ed squamous epithelium, fl akes of keratin, and cartilage granulation tissue were also seen. Th e diagnosis, based on the physical examination, CT fi ndings, and mastoid exploration, was determined to be OM of the temporal bone.
Postoperatively, the child improved dramatically. She was symptomatically better, and her fever subsided. Th e leukocytosis was corrected, and by 20 days postsurgery, her hemoglobin level had improved to 11.8 g/dl. On CT of the temporal bone showed soft -tissue density in the external auditory canal, middle ear, and mastoid air cells on the left side. Th ere was erosion of the facial recess, sinus plate, and tegmen tympani, along with a labyrinthine fi stula and right-sided mastoiditis (fi gure 3). Radiology made a preliminary diagnosis of histiocytosis of the left mastoid and middle ear cleft with right-sided mastoiditis.
Th e child underwent mastoid exploration of the left ear. A sequestrum was identifi ed in both the posterior and anterior bony canal wall (fi gure 4). Pulsatile pus was seen coming from the attic, and granulation tissue was seen fi lling the middle ear cavity and mastoid antrum. Th e facial nerve was dehiscent in its vertical course and covered with granulation tissue. Th e incus and malleus were also covered with granulation tissue. Th e granulation tissue and the bony sequestrum were sent for histopathology examination. A canal wall-down mastoidectomy was performed with a wide meatoplasty. Histopathology revealed necrotic bone with marrow spaces infi ltrated by acute and chronic infl ammatory cell infi ltrate suggestive of OM.
Th e infant responded very well aft er surgery. Her House-Brackmann Grade IV facial nerve paralysis recovered to Grade II within a week and to Grade I at the end of the 3-month follow-up. She has been found to be free of disease on regular follow-up.
Discussion
OM of the temporal bone is a rare disease that commonly occurs secondary to otitis externa in immunocompromised patients or suppurative otitis media in immunocompetent patients. OM can be defi ned as an infl ammatory condition of the bone, which begins as an infection of the medullary cavity, rapidly involves the Haversian systems, and extends to involve the periosteum of the aff ected area. In OM, the infection involves the bone's blood vessels, impairs the blood fl ow, and causes necrotic or infected bone, known as sequestrum, as well as the formation of new bone around the area of necrosis.
In 1968, Chandler fi rst recorded OM in the temporal bone, which developed secondary to otitis externa compounded by diabetes mellitus in which the characteristic organism was Pseudomonas. 2 He is credited with coining the term malignant external otitis. Th e term "malignant" was used to emphasize the serious nature of this external otitis infection because in the original historical report, 6 of the 13 patients died. 2 Terminology. As mentioned earlier, there has been considerable confusion in defi ning OM in the temporal bone. Terms such as osteomyelitis of the mastoid and middle ear cleft , malignant external otitis, and skull base osteomyelitis have been used to describe OM arising in the temporal bone. Malignant external otitis refers to an infection involving both the external auditory canal and the surrounding bone. Given the fact that OM of the temporal bone is not a neoplastic process, the term malignant external otitis has been replaced by the term skull base osteomyelitis by some authors, but the two terms are oft en used interchangeably.
Types of OM of the temporal bone. Whatever the While OM of the lateral temporal bone is predominantly caused by malignant external otitis, acute mastoiditis, and suppurative otitis media, medial temporal bone OM (i.e., skull base osteomyelitis) is caused not only by malignant external otitis, but also by sphenoid sinusitis and skull base infection. Th is diff erentiation becomes important because the clinical manifestations of the two types of OM diff er considerably. Th us, we can divide the two types of temporal bone OM into:
• OM of the lateral temporal bone (bone involvement in the mastoid and middle ear cleft );
• OM of the medial temporal bone (bone involvement of the petrous apex and clivus); and
• OM of the entire temporal bone (showing features of both mastoid-middle ear cleft and petrous apex involvement).
Th e term malignant external otitis is not a synonym for all the manifestations of OM in the temporal bone, although it is oft en mistakenly used this way. Authors most commonly use this term to describe features limited to the lateral temporal bone (middle ear cleft and mastoid). Th is does not include the features of skull base OM, which we call (and can be a synonym for) medial temporal bone OM, which is a more serious condition involving the petrous apex and the cranial nerves. However, malignant external otitis is too common a term to be ignored completely. Hence, we prefer to use it to describe features limited to lateral temporal bone OM. Malignant external otitis can further progress to skull base osteomyelitis.
Pathophysiology. Skull base OM originates from a chronic infection that has been inadequately treated. It is important to note, however, that this infection can come from anywhere, including chronic otitis media, chronic otitis externa, or any inadequately treated infection near the skull base. Th e infection may spread anteriorly to involve the parotid gland, temporomandibular joint, or cranial nerve VII at the exit of the stylomastoid foramen. It may also spread posteriorly to the mastoid and vertical portion of cranial nerve VII or inferomedially to the skull base, including the carotid artery, jugular bulb, and sigmoid sinus. Facial nerve paralysis typically results when the extratemporal segment of the facial nerve becomes surrounded by infection at the stylomastoid foramen. Palsy can occur in cranial nerve IX, X, or XI when the jugular foramen becomes involved.
In OM, infection typically spreads through the Haversian systems of compact bone, and compact bone is progressively replaced with granulation tissue. Bone destruction is both osteoplastic and osteoclastic. Multiple abscess formations may occur, and involvement of pneumatized trabeculated bone usually occurs late. In any OM, there is a chronic infection that is inadequately treated, leading to cellulitis, chondritis, osteitis and, fi nally, osteomyelitis. 3 OM of the temporal bone can also be an uncommon complication of acute mastoiditis, which in turn is a complication of acute otitis media. Th is was the cause of OM in both our patients; the second twin also had cholesteatoma. Th e evolution of acute mastoiditis begins when the mucosal lining of the pneumatized cells becomes infl amed and produces an exudate. Serosanguinous fl uid eventually becomes mucopurulent. Spontaneous perforation of the tympanic membrane or myringotomy would halt the process at this point, but some of these cases go on to the next phase. Th e cellular walls of the pneumatized cells then become demineralized. Th is demineralization occurs because of increased osteoclastic activity, pressure of the purulent exudate on the thin bony septae, and ischemia of the septae secondary to reduced blood fl ow (osteitis). As the bony septae break down, small abscess cavities form, leading to coalescence. Finally, the coalescent cells form an empyema, which then escapes to surrounding areas.
Acute mastoiditis becomes clinically signifi cant when infection spreads through the periosteum (periostitis). When the blood vessels get involved, bony destruction occurs and a sequestrum is formed in the mastoid, leading to OM. In the preantibiotic era, acute mastoiditis was seen more frequently than it is today, but it was rare in infants. However, in the past 2 decades, an increase in the incidence of acute mastoiditis in infancy has been reported in the literature. 4 A thin line of demarcation separates mastoiditis and OM, yet the diff erentiation should be sought for three important reasons. First, while the options for treatment of acute mastoiditis include antibiotics alone, antibiotics plus myringotomy, abscess incision and drainage, and mastoidectomy, OM must be treated surgically with debridement and sequestrectomy. Second, the microbiology of mastoiditis and the microbiology of OM are apparently diff erent. Organisms commonly seen in mastoiditis are S pneumoniae, H infl uenzae, Moraxella (Branhamella) catarrhalis, Streptococcus pyogenes, Pseudomonas aeruginosa, and Staphylococcus spp. While OM of the temporal bone in adults is predominantly caused by P aeruginosa, it has not been ascertained which organisms are commonly involved in children. While a culture from one of our patients with OM of the temporal bone showed Pseudomonas, the other showed S pneumoniae, Bacteroides spp, H infl uenzae, and E coli. Dudkiewicz et al, in their series of acute mastoiditis and temporal bone OM, cultured Staphylococcus, Bacteroides, and S pneumoniae. 5 Th e third reason it is important to distinguish mastoiditis from OM is that OM follows a protracted course because of bone necrosis (with or without infection), while mastoiditis can be controlled if treated adequately and, hence, is associated with a better prognosis. Also, it is possible that inadequate treatment of acute mastoiditis can lead to OM as a complication. Although there are many series dealing with acute mastoiditis, very few identify and detail OM as a complicatin of acute mastoiditis. Dudkiewicz et al studied patients who had symptoms, signs, and imaging fi ndings of OM of the temporal bone extending beyond the mastoid area. 5 Th ey found that 5% of patients with acute mastoiditis developed OM of the temporal bone as a complication. Ostfeld and Rubinstein separate mastoiditis and OM of the skull base when mentioning complications of mastoiditis. 6 Clinical features. Schweitzer listed warning signs of temporal bone OM as (1) deep pain (temporal, parietal, postauricular, retro-orbital); (2) intermittent, foul otorrhea and spiking fever; (3) preauricular cellulites; (4) woody induration of pinna; (5) chronic mastoid cutaneous fi stula; (6) fi brotic mastoid granulation tissue; (7) intermittent facial twitching suggestive of facial canal dehiscence; and (8) persistent leukocytosis and an elevated sedimentation rate. 7 Imaging modalities. Plain radiographs in temporal bone OM show sequestra. CT is helpful in reaching an accurate diagnosis and may show sclerosis of the temporal bone. Other modalities include technetium-99m medronate or technetium-99m methylene diphosphonate bone scanning, and gallium citrate Ga 67 scintigraphy. In acute mastoiditis, CT scanning of the mastoids may demonstrate a fl uid-fi lled middle ear and mastoid, and demineralization of the mastoid trabeculae. Th e pres-ence of sequestra is characteristic of OM.
Laboratory investigations. It is suggested that early myringotomy and bacterial cultures be performed in all patients with acute middle ear infections. Because of the diversity of causative organisms in acute mastoiditis, and to diff erentiate between acute mastoiditis and OM, all means to obtain a sample for culture prior to antibiotic treatment, including general anesthesia, must be applied.
Treatment. Treatment for OM of the temporal bone consists of broad-spectrum antibiotics administered for not less than 3 months, along with surgical debridement and wide meatoplasty. Local treatment of the auditory canal includes meticulous cleaning and debridement plus topical application of antimicrobial agents. In adults with diabetes, strict diabetic control is necessary.
Despite the reported effi cacy of prolonged systemic antibiotic therapy, treatment failure does occur because of tissue hypoperfusion and hypoxia. In such cases, the use of hyperbaric oxygen increases wound pO 2 (partial pressure of oxygen) levels, enhances phagocytic oxidative killing of aerobic microorganisms, and promotes angioneogenesis and osteoneogenesis. Treatment consists of 100% O 2 given for 90 minutes at 2.5 atm absolute pressure 5 days a week, 20 times, as an adjuvant therapy. 8 Since OM is characterized by a failure to respond both locally and systemically to accepted medical and surgical therapy, we advocate antibiotics and at least a cortical mastoidectomy, which provides a good prognosis.
In conclusion, the two cases reported in this article lead to some interesting observations. Both sisters developed OM of the temporal bone, which is a rare complication of acute mastoiditis/acute otitis media. Th ey developed OM almost exactly a year apart. Th e progression of the disease was nearly the same in both, with additional complications of pseudomonal sepsis and facial nerve palsy in the second twin. Surgery gave good results in both cases.
Although the most plausible causative factor for the twins' developing OM is acute mastoiditis/acute otitis media, a hereditary, anatomic, or environmental cause cannot be ruled out. While we have not fully analyzed all these perspectives, in modern literature there is one reported case of chronic sclerosing OM of the mandible that aff ected twins at 12 years of age, implicating a hereditary factor. 9 It is imperative that the treating surgeon diff erentiate between OM of the temporal bone and acute mastoiditis. 
OSTEOMYELITIS OF THE TEMPORAL BONE IN IDENTICAL TWIN INFANTS
Bacterial cultures must be obtained in all patients with acute mastoiditis to rule out the presence of OM. Treatment of OM of the temporal bone must include removal of the diseased bone followed by antibiotic therapy.
